Renewal Fear a b s t r a c t D-Cycloserine (DCS) may facilitate fear extinction learning, but the behavioral consequences and mechanisms behind this effect are not well understood at present. In this paper, we re-analyze data from previously reported null result experiments and find that rats showing above-median extinction learning during DCS treatment benefited from the drug, whereas rats showing below-median (and in this case little) extinction learning did not. Two additional experiments found that DCS facilitated extinction learning when specifically combined with a moderate, but not a small, number of extinction trials. DCS thus facilitates extinction learning only if the behavioral procedure first engages the extinction learning process. The benefits of the drug, however, were specific to the context in which extinction was learned-i.e., DCS did not prevent or influence the renewal of fear observed when the extinguished cue was tested in the original conditioning context.
Introduction
When a conditional stimulus (CS, e.g., a tone) has been associated with an aversive unconditional stimulus (US, e.g., footshock), presentation of the CS will evoke fear. This form of conditioning may play a role in the etiology of many anxiety disorders (e.g., Barlow, 2002; Bouton, Mineka, & Barlow, 2001; Mineka & Zinbarg, 2006) . Importantly, conditioned fear can be reduced by repeated presentation of the CS without the US. This phenomenon, known as extinction, is widely used as a tool in therapy. However, although extinction seems to eliminate fear, it does not reflect an erasure of the original fear learning (e.g., Bouton, 2004; Bouton, Westbrook, Corcoran, & Maren, 2006; Rescorla, 2001) . For example, fear of the CS returns if the context is changed after extinction, a phenomenon known as the renewal effect (e.g., Bouton & King, 1983) . This result, among others, suggests that extinction depends at least partly on new learning that depends on the context for retrieval. This principle has a number of implications for the success of therapies that rely on extinction for their beneficial effects (e.g., Bouton, 2002) .
If extinction involves new learning, then the loss of fear should be enhanced if the organism is given a drug that can facilitate learning. Consistent with this view, administration of D-cycloserine (DCS), a partial agonist of the NMDA receptor involved in longterm potentiation (a cellular model of learning), facilitates extinction (e.g., Ledgerwood, Richardson, & Cranney, 2003; Walker, Ressler, Lu, & Davis, 2002) . Rats given DCS with a small number of extinction trials show less fear than control subjects that receive the same number of trials without DCS during tests of the CS conducted the next day. The results have clinical significance. In humans, DCS administration can likewise facilitate the loss of fear resulting from exposure that causes incomplete fear loss in controls (acrophobia: Ressler et al., 2004; social phobia: Guastella et al., 2008; Hofmann et al., 2006; obsessive-compulsive disorder: Kushner et al., 2007) .
Although DCS can lead to faster extinction, we currently know little about the boundary conditions of its effect. What are the best conditions for delivering DCS to facilitate extinction learning? And does extinction with DCS cause a more permanent, or fundamentally different, form of extinction learning? Woods and Bouton (2006) found that although DCS facilitated fear loss in extinction, it did not weaken the renewal effect. Rats received CS-shock pairings in one context and then four extinction trials (CS-no shock presentations) in a second context. The four extinction trials were preceded by an injection of saline or DCS (15 or 30 mg/kg). Subsequent tests in the context of extinction revealed that rats that had received the 30 mg/kg dose of DCS were less afraid of the CS than controls that had received extinction with saline. However, when the CS was then tested in the original conditioning context, the DCS group showed a substantial renewal of fear that was similar in strength to the one observed in the saline controls. Thus, although DCS facilitated extinction learning, it did not change extinction's fundamental dependence on the context. Woods and Bouton (2006) also mentioned other results suggesting further boundary conditions for the effects of DCS. In two unpublished experiments, DCS had no demonstrable effect on extinction learning. Such null results are consistent with reports
